Abstract Amu Darya and Afghan-Tajik Basins in the northern Afghanistan are proven basins and considered to have the highest potential of hydrocarbons in Afghanistan. This research is concentrated on two oil elds in the Amu Darya Basin. In order to determine the origin of oils and depositional environment of source rocks in the study area, physical properties, light hydrocarbon composition, biomarkers and carbon isotopic composition of oil samples were determined.
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Introduction
It is well known that petroleum is a complex mixture of different hydrocarbons. A range of different complicated processes are involved in petroleum generation, migration, accumulation and production. Thorough investigation and understanding of petroleum fields are required to understand the depositional environment of source rocks, origin of oils, quantify petroleum reserves and identify undiscovered technically recoverable hydrocarbon resources. Beside other exploration methods, geochemical characterization and mapping of petroleum fields are widely applied to distinguish between petroleum reser voirs and accidentally petroleum spill or seeps（Lillis et al., 2001） . Energy is crucial to the development and improving living standards in any country. Investment in the sector of mineral resources especially hydrocarbons in Afghanistan could play a considerable role to overcome most of the economic challenges. It could lead to promote industry, business and living conditions of people in the Afghanistan（Klett et al., 2006b） . Due to complex structures of hydrocarbon reser voirs, petroleum exploration and production activities became complicated for the remaining oil and gas reservoirs in the world. Therefore, thorough understanding of the generation potential of source rocks is required for the exploration and production activities of hydrocarbons（McCar thy et al., 2011） . Quantitative analysis of petroleum geochemistry has been providing effective source of information for the economical assessment of hydrocarbon reservoirs（Magoon and Schmoker, 2000） . Petroleum geochemistr y has been playing essential role in assessing source rocks, considering various processes and elements that control organic richness, maturity and the distribution of source rocks（McCarthy et al., 2011） .
Afghanistan is a country with limited petroleum exploration activities. Therefore, all of the major sedimentar y basins in Afghanistan are considered unexplored. There are five major sedimentary basins in the Afghanistan including Amu Darya, Afghan-Tajik, Katawaz, Helmand and Herat or Tirpul Basins. Amu Dar ya and Afghan-Tajik Basins are proven basins located in the northern Afghanistan whilst the latter three are probable basins located in the south and west of Afghanistan（Ghiasi, 2008） . As illustrated in Fig. 1 
, Kushka
Basin, an extension of Amu Darya Basin, has rich gas fields. Amu Darya, Kushka and Afghan-Tajik Basins extend into the neighbouring countries to the north of Afghanistan（MoM, 2015） . This study is mainly concentrated on the portion of Amu Darya Basin located in the northern Afghanistan. It is aimed at identifying the depositional environment, origin of oils, lithology and age of source rocks. Fig. 1 illustrates the five major sedimentary basins located in the north, west and south of Afghanistan.
Geological overview of the Amu Darya Basin in northern Afghanistan
As a result of previously conducted geological investigations in the north and northwest of Afghanistan, five hundred structures reasonable for the accumulation of oil and gas were identified. Deep drillings were carried out in 67 structures （Ghiasi, 2008） . Northern Afghanistan is considered to have the highest potential for oil and gas reservoirs in Afghanistan. Amu Darya Basin located in the northwest and Afghan-Tajik Basin located in the northeast of Afghanistan contains large number of undiscovered prospective petroleum fields（Klett et al., 2006b） . It can be obser ved in Fig. 2 Fig. 3 illustrates some of the tectonic structures in the northern Afghanistan and adjacent countries.
During previous geological time various tectonic activities occurred in the northern Afghanistan. Most of the tectonic activities including the movement of Eurasia, Africa, and Indian continental plates resulted in the evolution of AfghanTajik and Amu Darya Basins. The collision of Eurasian and The basement complex of Amu Dar ya and Afghan Tajik Basins in Afghanistan is consisting of igneous and metamorphic Paleozoic to Triassic rocks. The crystalline basement is mainly formed of schist, quartzite and highly metamorphic rocks including gneiss with some volcanic rocks. The basement of the Amu Darya Basin has fault-block structure and it is further divided by various faults caused for subsidence and uplifts in different parts of the basin. The faults in the basement of the basin are prolonged into the sedimentary cover or they can be observed as flexure in sediments（Klett et al., 2006b） . 
Sampling
Petroleum fields of Amu Darya Basin in northern Afghanistan were visited in Februar y 2015 to collect oil samples for analyses. Some impor tant data including geological and geochemical information about the oil fields were also collected during the research trip. Three oil samples, one from Kashkari and two from Angot, were obtained in 250 ml polyethylene bottles from Kashkari and Angot oil fields of Afghan Amu Darya Basin. The oil samples from Angot oil field obtained in two different times. One of the samples was obtained during research trip in Februar y 2015. The second sample was obtained from the laborator y of Northern Directorate of Hydrocarbon in Afghanistan which was collected from Angot oil field in 2011. Kashkari oil sample was collected from oil field in 2015. Dead oil samples collected from oil tanks in both fields were obtained in atmospheric condition. All the producing wells are connected to a single accumulation tank in Kashkari, therefore the obtained sample is a mixture of oils produced from Albian, Aptian and Hauterivian sandstone reservoirs. Angot oil samples were collected from Hauterivian sandstone reservoir.
Centrifuge method was used to remove the solids and water content from the samples prior to storing and analyses to avoid biodegradation and compositional change after sampling. The centrifuge process was conducted at 6500 rounds per minute （rpm）at a temperature of 40℃ for a period of 60 minutes.
Analysis of the oil samples
Procedure of the analysis
Crude oil is a complex mixture of chemical compounds, predominantly composed of aliphatic and aromatic hydrocarbons that contain other elements such as sulphur, nitrogen and oxygen. Various laboratory analytical methods could be used to determine the chemical composition and properties of crude oils（Odebunmi et al., 2002） . Different geochemical analytical methods were used to determine the physical properties, light hydrocarbon composition, biomarkers and stable carbon isotopes of crude oils. The light fractions of oil were analysed employing gas chromatography. In addition, the saturated and aromatic fractions of crude oil samples were analysed for biomarkers using gas chromatography -mass spectrometry. Furthermore, stable carbon isotope compositions of the oil samples were analysed employing an elemental analyser coupled with an isotope ratio mass spectrometer.
Due to complex nature of crude oils, it is necessar y to separate its components into different groups and then to analyse each group of hydrocarbons separately（Panda, 2006） . Agilent Technologies 7890A gas chromatograph was used to analyse light fractions of Kashkari and Angot oil samples. The gas chromatograph has two Flame Ionization Detectors （FID） . The gas chromatograph used has HP-PONA fused silica capillary column, which is 50 meters long and the inner diameter of the capillary column is 0.2 mm. The inner wall of the capillary column is coated with dimethylpolysiloxane stationary phase and the thickness of the stationary phase is 0.5 μm. The heating program of the oven for the analysis was: 35℃（15 minutes hold） ～ （1.5℃ /minute） ～ 70℃～ （3.0℃ / minute） ～ 130℃ . 0.2 μl crude oil sample was introduced to gas chromatograph employing split injection method and the split ratio was 1/300. Helium was used as a carrier gas.
Agilent Technologies GC6890N-MS5973N gas chromatograph mass spectrometer was employed to determine biomarkers in crude oil samples. The aliphatic and aromatic fractions of crude oil samples need to be separated prior to biomarker analysis. Silica gel column chromatography was used to separate the aliphatic and aromatic fractions of the crude oils.
Crude oil stable carbon isotope ratio, expressed as δ 13 C, is one of the main geochemical factors employed to characterise hydrocarbons（Lillis et al., 2001） . The aliphatic and aromatic fractions of oils were separated for conducting carbon isotopic analysis of each compound. Bulk Isotopic Analysis method was employed to determine stable carbon isotopes of the oils. EuroVector Euro EA3000 Elemental Analyser was coupled with GV Instruments Isoprime Isotope Ratio Mass Spectrometer for measuring stable carbon isotope compositions of the oils. The analytical system was calibrated using an international reference material （NBS-22）prior to the analyses of the oils. 
Light hydrocarbons and biomarkers of
Kashkari and Angot oils Gas chromatography results of light hydrocarbons showed the presence of C 3 to C 8 light hydrocarbons in the oils. As the sample amount of lighter fractions of the Angot oil sampled in 2011 were not enough, it was not analysed for light hydrocarbons. The compositional change of crude oils light hydrocarbons can provide information about its maturity. It was found that paraffin/naphthene concentration ratio is increasing with increasing maturity of oils（Schaefer and Littke, 1988） . Table 2 shows some of the ratios calculated based on Thompson（1983）and Schaefer and Littke（1988） which can provide information about the properties of oils such as maturity.
The biomarker analyses of the Kashkari and Angot oils include: normal-alkanes and isoprenoids, steranes, diasteranes, hopanes, phenanthrene and methylphenanthrenes and triaromatic steroids. Since the chromatograms of the three samples have similar pattern, total ions, steranes and triterpanes chromatograms of Angot 2011 oil sample are shown below. Fig. 5 illustrates the total ion chromatogram（TIC）showing the concentration of n-alkanes and isoprenoids in the Angot 2011 oil sample. Table 3 shows a summary of different indices calculated based on n-alkanes and isoprenoids data in the samples.
Sterane（m/z 217）compositions of the Angot 2011 oil is illustrated in Fig. 6 . Table 4 shows sterane compositions in Angot and Kashkari oils and some of the ratios calculated based on the sterane compositions used for identifying the origin and maturity of oils.
Hopanes（m/z 191）concentrations in the Angot 2011 oil sample is demonstrated in Fig. 7 . Table 5 lists hopane concentrations in Kashkari and Angot oils and some of the ratios calculated based on the hopane concentrations in the oils, which can be used as indicator for the maturity of oils and the depositional environment.
Phenanthrene and methylphenanthrene data obtained from biomarker analyses of the oil samples were used to calculate different methylphenanthrenes indices（MPIs）shown in Table 6 . in order to obtain information about the depositional environment of the source rocks. The carbon isotope compositions of saturated and aromatic hydrocarbons shown in Table 7 were used to distinguish marine and non marine depositional environments.
Stable carbon isotope compositions of Kashkari and Angot oils Oil samples were analysed for stable carbon isotopes
Discussion
Physical properties
The base of the 3 cr ude oils is between paraf fin and naphthene base, and the oils are classified as medium to heavy oils. The sulfur concentrations in the oils ranges from 1.77 to 2.88 wt.％ , it thus shows the presence of sour crude oils in Kashkari and Angot oil fields. The crude oil volume percentage recovered versus temperature plot shown in Fig. 8 illustrates that Kashkari oil is slightly lighter than Angot oils. In addition, it shows that Angot oil sample obtained in 2011 is heavier than Angot oil sample obtained in 2015, which could be due to evaporation of lighter fractions during the storage time（4 years）after sampling. Similar results were obtained by assessing the physical proper ties of the oils such as density, API gravity and the amount of residual carbon shown in the Table 1 . The n-alkanes, a group of aliphatic hydrocarbons, are found abundantly in most crude oils and are mainly derived from plant wax. The concentration of n-alkanes in oils can provide essential information about the source of the oils（Gonzalez-Vila, 1995） . Terrigenous/aquatic ratio（TAR）is also used to determine the source of the organic matter. Higher TAR values of oils indicate increased watershed sources of lipid organic matter relative to aquatic source（Bourbonniere and Meyers, 1996） . The TAR values of the three oil samples from Kashkari and Angot oil fields are 0.04, 0.06 and 0.07. These small TAR values suggest aquatic source of organic matter.
Source and depositional environment of oils in the northern Afghanistan Amu Dar ya Basin
Carbon preference index（CPI）values for the oils are ranging from 1.02 to 1.03. The low CPI values（<1.5）are Isoprenoids, a type of branched alkanes are mainly derived from plants, animal tissues and bacterial cells. Pristane to phytane ratio is mostly used as an indicator of depositional environment and it is assumed that both pristane and phytane are mainly derived from phytol. The diagenesis of phytol is producing pristane in oxidising environment. While, the production of phytane is prevalent in reducing environment due to reduction and dehydration（Gonzalez-Vila, 1995） . Due to highly resistant nature of pristane and phytane, the concentration of these compounds relative to n-alkanes is increasing in biodegraded oils（Moustafa and Morsi, 2012） . A number of dif ferent processes need to be considered when using pristane/phytane as an environment indicator. Additional data and environmental indicators are required to obtain higher accuracy（Gonzalez-Vila, 1995） . The pristnae/ phytane（Pr/Ph）values of the samples are low ranging from 1.00 to 1.43 which suggests that the oils were generated from source rocks deposited under reducing marine environment.
Hopanes and steranes are stable biomarkers derived from prokaryotic and eukaryotic membranes respectively（Parnell Fig. 9 helps determine the depositional environment and the lithology of source rocks. Similar to the results discussed above, the plot shown in Fig. 9 is indicative of the existence of marine depositional environment. Fig. 9 also illustrates that carbonate rocks were source rocks of the oils. This result is consistent with the above mentioned results based on the CPI（C 22 -C 32 ）data.
Diasteranes/sterane ratios also suggest carbonate source rocks for the oils. The ratios are commonly used to distinguish petroleum from carbonate versus clastic source rocks. Low diasteranes/steranes ratios in oils indicate anoxic clay-poor, carbonate source rock（Peters et al., 2005） . Diasteranes in the Angot and Kashkari oils show relatively low abundance compared with the abundance of regular steranes（Table 4） , suggesting that the Angot and Kashkari oils should be generated from carbonate source rocks. In accordance to previous results, the triangular plot（Fig. 10）showing the relative concentration of C 27 , C 28 and C 29 steranes in Kashkari and Angot oils is suggesting marine depositional environment.
Carbon isotopes are natural tracer for identifying the origin of hydrocarbon and distinguish between different types of oils. The composition of stable carbon isotopes in oils is related to the source materials and fractionation processes during and after oil generation. Stable carbon isotopes ratio（δ 13 C）could slightly alter due to various processes such as hydrocarbon generation, migration, maturity and biodegradation. δ 13 C value is also utilised for correlation between different types of oils and oil-source rock（Fuex, 1977） . It was found that carbon isotopic composition can be changed in respect to the geological time. Carbon isotopic composition can alter significantly with time thus precision is required while using carbon isotopic data as an age indicator（Sofer, 1984） . As shown in Fig. 11 the stable carbon isotope values of saturated hydrocarbons were plotted against the stable carbon isotope values of aromatic hydrocarbons to verify the source rock depositional environment of Kashkari and Angot oils. In agreement with previous results, Fig. 11 clearly illustrates that the oils are related to the source rocks deposited in marine environment.
Stable carbon isotopic composition of saturated hydrocarbons was used to estimate the age of the source rocks in the Kashkari and Angot oil fields. Fig. 12 illustrates that the source rocks of the oils are related to Jurassic to Paleogene period. Based on the geological information and the lithostratigraphic column of Afghan-Tajik and Amu Darya Basins as shown in Fig. 4 , it can be suggested that source rocks of the study area is related to Jurassic period.
Maturity and biodegradation of oils in the northern Afghanistan Amu Dar ya Basin
The relative abundance of 20S isomers to 20R regular to 0.60（Table 4） , lower than the equilibrium ratio. These two kinds of sterane maturity parameters suggest that the maturities of the oils are in the early oil generation stage.
A range of dif ferent indices calculated based on the composition of light hydrocarbons in oils are utilised by various scholars to assess the thermal history and maturation of crude oils. In addition, it is used by different studies to identify the type of kerogen. Light hydrocarbon analysis is the basis for estimating the catagenetic grades of sediments and oils. For example, Astafev et al.（1973 cited by Thompson, 1983）showed that n-butane to isobutane ratio in petroleum associated gas increases with increasing the temperature of sedimentar y layers. In addition, Thompson（1979 cited by Thompson, 1983）employed heptane and isoheptane values to evaluate the paraffinicity of crude oils. Similarly, Philippi （1975 cited by Thompson, 1983）found that the paraffinicity of oil samples obtained from California basins were increasing with increasing depth and temperature. The movement of crude oils from source rocks to reservoir rocks could complicate its thermal history（Thompson, 1983） .
Heptane versus isoheptane plot（Fig. 13）represents that the oils were generated from source rocks in the early stage of oil generation.
Pristane/n-C 17 versus phytane/n-C 18 plot（Fig. 14） was used to estimate a range of different parameters that include: depositional environment, kerogen type, maturity and estimation of the degree of biodegradation of oils. Fig.  14 suggests a source of marine organic matter deposited in reducing environment. It represents Type II kerogen which is oil and gas prone. Fig. 14 also suggests that the oils are not biodegraded. Similarly, the pattern of the TIC chromatograms shown in Fig. 5 can provide information about the state of biodegradation in the oils. The chromatograms show flat baseline and relatively low peaks of pristane and phytane, which can be an indication of no biodegraded oils.
The MPI-1 ＊ versus mean vitrinite reflectance plot（Fig.
15）shows that Kashkari and Angot oils were generated either in oil generation or condensate generation stage. Based on the other maturity related data discussed above, the condensate generation stage is too high. Therefore the data suggest that the oils were generated from source rocks in the early stage Fig. 13 Heptane versus isoheptane plot. Heptane: ｛ n -Heptane×100. 0 ｝ / ｛ ［ Cyclohexane＋ （2-Methylhexane） ＋ （2, 3-Dimethylpentane） ＋ （ 1 , 1 -D i m e t h y l c y c l o p e n t a n e ） ＋ （ 3 -M e t h y l h e x a n e ） ＋ （ c i s -1 , 3-Dimethylcyclopentane） ＋ （3-Ethylpentane） ＋ （tans-1, 3-Dimethylcyclopentane） ＋ （trans-1, 2-Dimethylcyclopentane） ＋ （n-Heptane） ］ -［ （2, 3-Dimethylpentane） ＋ （3-Ethylpentane） ］ ＋M e t h y l c y c l o h e x a n e ｝ , I s o h e p t a n e : ｛ （ 2-Methylhexane） ＋ （ 3-Methylhexane） ｝ / ｛ （cis-1, 3-Dimethylcyclopentane） ＋ （tans-1, 3-Dimethylcyclopentane） ＋ （ trans-1, 2-Dimethylcyclopentane） ｝ （from Isaksen, 2004）  Fig. 14 Pristane/n-C 17 versus phytane/n-C 18 （from Hunt, 1996） of oil generation.
Conclusions
This research was conducted on two oil fields in the Afghan Amu Darya Basin. It was principally concentrated to identify the depositional environment, kerogen type, origin, maturity and biodegradation of oils in the portion of Amu Darya Basin located in the northern Afghanistan. A number of different factors were assessed based on the data obtained from the analysis of the crude oils. The physical properties of the oils show medium to heavy oils with hydrocarbon base between paraffin and naphthene.
The results obtained based on the pristane/phytane ratio, pristane/n-C 17 versus phytane/n-C 18 plot and carbon isotopic analyses of the oil samples indicated that Kashkari and Angot oils were derived from marine organic matter deposited in reducing environment. In addition, it was found that the oils were generated from type II marine kerogen. Furthermore, it was determined that the oils show no sign of biodegradation and were generated from source rocks at the early stage of oil generation. Carbonate source rocks were suggested for the study fields based on the biomarker analyses of the oils. Similarly, stable carbon isotopic composition of the oils suggested the age range of Jurassic to Paleogene for the source rocks of the study area. Considering geological data it was concluded that Kashkari and Angot oils could have been generated from Jurassic carbonate source rocks. Finally, further research is suggested to collect adequate number of oil and gas samples and thoroughly characterise hydrocarbons in the Afghan Amu Darya Basin.
Fig. 15 Kashkari and Angot oils MPI-1
＊ versus mean vitrinite reflectance（after Radke and Welte, 1983） 
